Consumption of energy drinks is common among athletes; however, there is a lack of research on the efficacy of these beverages for short-duration, intense exercise. The purpose of this research was to investigate the acute effects of a low-calorie caffeine-taurine energy drink (AdvoCare Spark) on repeated sprint performance and anaerobic power in National Collegiate Athletic Association Division I football players. Twenty football players (age 19.7 ± 1.8 yr, height 184.9 ± 5.3 cm, weight 100.3 ± 21.7 kg) participated in a double-blind, randomized crossover study in which they received the energy drink or an isoenergetic, isovolumetric, noncaffeinated placebo in 2 trials separated by 7 days. The Running Based Anaerobic Sprint Test, consisting of six 35-m sprints with 10 s of rest between sprints, was used to assess anaerobic power. Sprint times were recorded with an automatic electronic timer. The beverage treatment did not significantly affect power (F = 3.84, p = .066) or sprint time (F = 3.06, p = .097). However, there was a significant interaction effect between caffeine use and the beverage for sprint times (F = 4.62, p = .045), as well as for anaerobic power (F = 5.40, p = .032), indicating a confounding effect. In conclusion, a caffeine-taurine energy drink did not improve the sprint performance or anaerobic power of college football players, but the level of caffeine use by the athletes likely influenced the effect of the drink.
Athletes have long sought nutritional aids to improve athletic performance. Athletes from ~500 to 400 B.C. ate deer liver and lion heart believing that such a diet might impart additional speed or strength (Applegate & Grivetti, 1997) . The vast majority of athletes today ingest additional vitamins and minerals, herbal preparations, or sports drinks in the hope that these supplements will aid their performance, recovery, or health (Braun et al., 2009; Petroczi & Naughton, 2008; Tian, Ong, & Tan, 2009) .
Sports drinks are among the most widely used nutritional supplements. The market for sports beverages emerged in the 1960s with the creation of Gatorade (Applegate & Grivetti, 1997) and supporting research that found that ingesting a carbohydrate-electrolyte drink could delay fatigue (Cade, Spooner, Schlein, Pickering, & Dean, 1972) . The introduction of Red Bull to the Austrian market in 1987 and later to the United States in 1997 started a new beverage category, the "energy drink." As the term implies, energy drinks are marketed to increase energy, vitality, metabolism, concentration, and performance, and these products are characterized as "functional beverages" that encompass sports and nutraceutical drinks designed to promote and enhance health (Heckman, Sherry, & de Mejia, 2010) . The U.S. energy-drink industry is anticipated to reach nearly $20 billion by 2013, an increase of almost 160% since 2008 (Heckman et al., 2010) , and it is estimated that 24-56% of the adolescent to middle-aged population are energydrink consumers (Ballard, Wellborn-Kim, & Clauson, 2010) . Despite the large and growing market and the proposed ergogenic benefits of energy drinks, published research on the efficacy of these beverages for improving human performance is relatively sparse.
Energy drinks typically contain a variety of vitamins and minerals, as well as caffeine and other components such as taurine, guarana, and ginseng. In theory, the ingredients work synergistically to enhance performance; however, according to Ballard et al. (2010) any ergogenic benefits are likely the result of the caffeine. It is well known that caffeine is an ergogenic aid for endurance activity (Ganio, Klau, Casa, Armstrong, & Maresh, 2009; Graham, 2001 ), but its efficacy for improving repeat sprint performance typical of team sports is equivocal (Bishop, 2010) . Another "active" ingredient commonly found in energy drinks is taurine. Taurine is found in high concentrations in skeletal muscle and is thought to play a role in modulating contractile function and increasing force generation by augmenting the accumulation and release of calcium from the sarcoplasmic reticulum (Bakker & Berg, 2002) . Little is known about taurine's ability to improve anaerobic performance. However, taurine depletion in the fast-twitch skeletal muscle of mice corresponds to decreased force output (Hamilton, Berg, Easton, & Bakker, 2006) , suggesting that supplementing this amino acid will increase force production. In addition, beverages containing a combination of taurine and caffeine have been shown to enhance ventricular function by increasing stroke volume (Baum & Weiss, 2001) , increase the amount of time one can maintain maximal cycling speed (Alford, Cox, & Wescott, 2001) , and attenuate the decline in maximal voluntary contraction observed after 2 hr of cycling (Ganio et al., 2010) . The purpose of this study was to investigate the acute effects of a low-calorie caffeinetaurine energy drink (AdvoCare Spark) on repeated sprint performance and anaerobic power in National Collegiate Athletic Association (NCAA) Division I football players.
Methods

Participants
Twenty tackle football players from an NCAA Division I program volunteered for the study. All the participants were actively engaged in off-season conditioning at least 4 days/week during the time of testing. Informed written consent was obtained, and the institutional review board of the university approved the study.
Procedures
A double-blind, randomized, crossover design was used so that each participant received both the energy drink and a placebo during two trials. One week before data collection, the participants were instructed on how to perform the Running-based Anaerobic Sprint Test (RAST). This test consists of six 35-m maximal-effort sprints with 10 s of recovery between sprints. The test-retest reliability and validity of the RAST as a measure of anaerobic power have been verified (Zagatto, Beck, & Gobatto, 2009) , and this running-based test was used because it was more specific to the athletes in this study sample than other measures of anaerobic power, such as the Wingate test. In addition, participants were instructed to maintain their regular physical activities and dietary habits but avoid alcohol, nicotine, and other stimulants the day before the trials. Moreover, they were asked to get an adequate amount of sleep the night before the test and wear the same shoes and clothing for each trial.
The athletes arrived at the sports complex in a fasted state, where body mass and height were measured and a standardized breakfast of approximately 400 kcal with 70 g of carbohydrates was served. After breakfast, the participants were randomly assigned to one of two groups (AdvoCare Spark or placebo). Each athlete received 8 fluid ounces (237 ml) of either the energy drink or citrusflavored water mixed with maltodextrin. The nutritional composition of the AdvoCare Spark energy drink is listed in Table 1 . The beverages were served cooled, and the staff ensured that the participants consumed the entire amount. The athletes also completed an inventory of caffeinatedbeverage consumption developed by the Nutrition Assess- Before the RAST, the football players completed a standardized dynamic warm-up lasting 25 min. The RAST was performed approximately 60 min after ingesting the drink. The warm-up and the RAST were performed on a SprinTurf (King of Prussia, PA) surface with each 35-m sprint and 10-s rest interval timed to the nearest 100th of a second by an automatic timing system (Nike Sparq XLR8 Digital Timing, Beaverton, OR; Figure 1 ). Wind speed was also measured with a wind gauge (Gill Athletics compact wind gauge, Champaign, IL). Participants ran the sprints individually. Seven days later, the same procedure was followed with each participant receiving the treatment opposite that of the previous week.
Statistical Analyses
Anaerobic power (P) and fatigue index (FI) were calculated as follows (Zagatto et al., 2009 ):
Two 2 × 6 repeated-measures analyses of variance (ANOVA) were conducted to determine if the differences in sprint time and anaerobic power were significant between the AdvoCare Spark and placebo trials across all six sprints. A global caffeine score calculated from the participants' responses to the caffeine inventory was used as a covariate in an attempt to account for the potential influence of caffeine habituation. The participants' caffeine history was evaluated by assigning a caffeine score to each athlete based on his daily consumption of caffeinated beverages during the month before the test. This score was obtained by multiplying the serving size (1 = small, 2 = medium, 3 = large) by the number of times each caffeinated beverage was consumed. A Pearson's correlation was run between the total caffeine score and the magnitude of change in anaerobic power between the two testing conditions (energy drink or placebo). A paired-samples t test was done to determine if the difference in fatigue index was significant between the AdvoCare Spark and placebo trials. Statistical significance was set at p < .05. Statistical analyses were conducted using the Statistical Package for the Social Sciences (SPSS, version 19.0, IBM, Somers, NY).
Results
Twenty well-trained NCAA Division I football players (age 19.7 ± 1.8 years, height 184.9 ± 5.3 cm, body mass 100.3 ± 21.7 kg) completed both trials of the RASTonce with a placebo and once with the treatment. Data for each sprint are in Table 2 . The repeated-measures ANOVA showed no statistically significant difference for the main effect of the beverage treatment (energy drink vs. placebo) for either the sprint time (F = 3.06, p = .097) or anaerobic power (F = 3.84, p = .066), indicating that the energy drink did not affect performance. The main effect of the sprint trial was significant (p < .001) for both time and power. Post hoc analysis revealed that each of the six sprints was significantly slower (see Figure 2) , with less anaerobic power produced (see Figure 3) than the previous sprint, with the exception of Sprint 6 not being statistically significantly worse than Sprint 5 (sprint time p = .053, power p = .064). There was a significant interaction effect between caffeine use and the beverage treatment for both sprint times (F = 4.62, p = .045) and anaerobic power (F = 5.40, p = .032), indicating a confounding effect such that athletes not habituated to caffeine were more likely to improve from the energy drink than those who regularly consumed caffeine. There was no correlation between the caffeine score and the delta (energy drink -placebo) for maximal anaerobic power (r = .03, p = .916), which occurred on the first sprint. However, there was a significant negative correlation between the caffeine score and the change in the average anaerobic power of the six sprints between treatments (r = -.48, p = .032), indicating that the magnitude of improvement after ingesting the energy drink tended to be greater for those who were least accustomed to caffeine (see Figure 4) . None of the other interactions (Sprint Trial × Caffeine Use, Beverage Treatment × Sprint Trial, and Beverage Treatment × Sprint Trial × Caffeine Use) were significant (p > .05). The fatigue index was not significantly different (p = .774) between the placebo (15.06 ± 3.80 W/s) and beverage (15.3 ± 4.18 W/s) trials. Finally, the wind speed was negligible (0.039 ± 0.46 m/s) and did not differ between the placebo and AdvoCare Spark trials (p = .668), and there was no Beverage Treatment × Wind interaction (p = .760).
Discussion
Despite the popularity of energy drinks, there has been relatively little research documenting the efficacy of these beverages for enhancing physical performance. Our study is the first to use AdvoCare Spark and one of only a few to evaluate the ergogenic benefit of an energy drink on sport-specific anaerobic performance of athletes. Of the research that has been done, most studies focused on endurance performance after the ingestion of Red Bull. Several studies have reported Red Bull to be effective at increasing cycling time to exhaustion (Geiß, Jester, Falke, Hamm, & Waag, 1994) and time-trial performance (Ivy et al., 2009 ); however, sugar-free Red Bull did not increase run time to exhaustion (Candow, Kleisinger, Grenier, & Dorsch, 2009) .
Evidence for energy drinks' providing an ergogenic benefit for anaerobic performance is scant. Several researchers have reported that although energy drinks have been effective at delaying fatigue, increasing muscle endurance, and even improving alertness and reaction time, these beverages had no effect on anaerobic power (Forbes, Candow, Little, Magnus, & Chilibeck, 2007; Hoffman et al., 2009 Hoffman et al., , 2007 . Recently, Astorino and colleagues (2011) reported that the agility-sprint times of female college soccer players were unaffected by ingestion of Red Bull. That study most closely resembles ours in that it involved athletes doing repeated sport-specific sprints, and our results are in agreement. In contrast, Alford et al. (2001) found that maximal speed on a cycle ergometer was maintained 1.4 s longer with Red Bull than with a placebo, suggesting some ergogenic benefit for anaerobic efforts.
Caffeine is the primary component of energy drinks, and any ergogenic benefits from ingesting energy drinks are often attributed to this drug. Reviews leave little doubt that caffeine is ergogenic for endurance activity (Ganio et al., 2009; Graham, 2001) ; however, its efficacy for enhancing anaerobic performance is equivocal. Astorino and Roberson (2010) recently reviewed studies that involved acute caffeine ingestion for short-term highintensity exercise performance. They found that caffeine significantly improved power or sprint performance in 11 of 17 studies, with a mean improvement of 6.5% ± 5.5%. It should be noted that caffeine was administered in capsule or powder form, rather than as a component of a beverage, in most of the studies reviewed. In addition, the most widely administered caffeine dose in research studies has been 6 mg/kg. Participants in the current study ingested an 8-oz (237-ml) serving of AdvoCare Spark containing 120 mg of caffeine rather than an amount relative to body mass, because an absolute volume is more typical of energy-drink consumption. By comparison, one 8.4-oz (250-ml) can of Red Bull contains 80 mg of caffeine. Nevertheless, given that the mean body mass of the football players in this study was about 100 kg, the quantity of caffeine relative to body mass ingested in the current study was only about 20% of the amount administered in many of the research studies reviewed by Astorino and Roberson that reported an ergogenic benefit. The method by which caffeine was administered (energy drink vs. capsule) and the relative dose are just two variables that could have contributed to the different results between our study and those that reported an ergogenic effect for anaerobic performance. Another variable of interest is caffeine habituation. Our results suggest that athletes who do not regularly consume much caffeine are more likely to benefit from an energy drink than those who are regular caffeine users. Unfortunately, several authors who have reviewed the effects of caffeine on athletic performance acknowledge that an assessment of caffeine habituation was rarely included in their studies, and it is an aspect that requires further investigation (Astorino & Roberson, 2010; Ganio et al., 2009; Graham, 2001) . Acute caffeine ingestion potentiated muscle-force development (Tarnopolsky & Cupido, 2000) and decreased the time taken to run 1,500 m (Wiles, Bird, Hopkins, & Riley, 1992) , but there was no relationship between caffeine use and magnitude of performance improvement in those studies, suggesting that habituation is not a major factor. Other researchers have found that caffeine improves endurance performance both with and without a withdrawal period (Irwin et al., 2011; Van Soeren & Graham, 1998) , adding further evidence that habituation is not influential. In contrast, Bell and McLellan (2002) reported that the ergogenic benefit of increased cycling time to exhaustion after acute caffeine ingestion was greater for nonusers than for regular caffeine consumers. Even though there is no clear consensus on the impact habitual caffeine use has on the potential ergogenic benefit of acute caffeine ingestion, Ganio et al. (2009) recommend that athletes abstain from caffeine for at least 7 days before competition to maximize any potential effect. In addition, it seems likely that there is considerable interindividual variability regarding the effects of acute caffeine ingestion during short, highintensity exercise, and there may be "responders" and "nonresponders" (Astorino & Roberson, 2010) .
The main limitation of the study was the caffeine inventory. This inventory was limited to the consumption of caffeinated beverages and asked only general questions about the volume of beverages consumed. However, the caffeine content of commercial beverages such as coffee can vary considerably (Desbrow, Hughes, Leveritt, & Scheelings, 2007) . Furthermore, we were reliant on the participants' self-report and recall for an accurate assessment of caffeinated-beverage consumption. The variability between and within participants for dietary recall is large (Jeacocke & Burke, 2010) . Thus, the accuracy of the caffeine-habituation score for each participant is in question. Finally, consideration was given to controlling for extraneous variables that could influence performance, such as prior physical activity and pretesting diet. The study participants were part of a university team, and we assumed that their day-to-day workouts were standardized and similar between trials. In addition, a standardized breakfast was provided before each testing session. However, we did not control for diet or closely monitor physical activity on the days between trials other than to ask the participants to maintain their normal routines.
In conclusion, acute ingestion of AdvoCare Spark, a low-calorie caffeine-taurine energy drink, did not improve repeated sprint times or anaerobic power in a sample of American college football players. However, the interaction effect between caffeine habituation and the beverage was significant, suggesting that caffeine-naïve participants received more of an ergogenic benefit from the energy drink than those who were accustomed to caffeine. In the course of answering the original research question of this study, many new questions emerged. Clearly, more research is needed to further examine this finding that caffeine habituation may be a significant cofactor in the efficacy of energy drinks for enhancing anaerobic performance. In addition to the influence of caffeine habituation, more research is needed to determine if there are individual responders and nonresponders to energy drinks. In addition, a single-serving dose of the energy drink was given. More research is needed to determine if a higher dose would be ergogenic. Finally, Ganio et al. (2010) showed that the decline in maximal voluntary contraction after 2 hr of exercise was attenuated with an energy drink. This suggests that even though an energy drink did not provide an ergogenic benefit for repeated sprints in the current study, a performance benefit might be seen if the anaerobic effort were assessed at the end of a prolonged workout. Thus, more energy-drink research is warranted with varying study designs.
